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FAST HIGH PRECISION MATCHING 
METHOD 

TECHNICAL FIELD 

This invention relates to a method for fast high precision 
matching. 

BACKGROUND OF THE INVENTION 

Pattern search is a simple yet powerful machine vision tool. 
Given a template pattern and an image, its objective is to ?nd 
all instances of the patterns in the image. It involves tWo steps, 
a search step and a matching step. The search step places the 
pattern at all valid poses (locations, rotation angles, sizes) of 
the image being searched. The matching step determines the 
goodness of the match betWeen the pattern at a given pose and 
the subset of the image corresponding to the pose. For 
advanced applications, it is desirable that the matching step 
produces high precision (that is, subpixel position, subsam 
pling scale and rotation) results. 

Normalized correlation method (Manickam, SWami, Roth, 
Scott D., Bushman, Thomas, “Intelligent and Optimal Nor 
malized correlation for High-Speed Pattern Matching”, 
NEPCON WEST 2000, February 2000) of ?xed rotation and 
scale has been Widely used as the matching method in many 
machine vision applications. The match score of normalized 
correlation is largely independent of linear variations in 
object shading caused by re?ectivity or illumination varia 
tions. 

A rotation and scale invariant pattern matching method 
Was disclosed (Rotation and Scale Invariant Pattern Matching 
Method, US. Pat. No. 6,640,008) that generates a polar coor 
dinate representation of the pattern template image that 
alloWs for fast linear search of scale along the radius axis and 
rotation along the angular axis. A fast regular shaped pattern 
search method Was disclosed (Fast Regular Shaped Pattern 
Searching, US. patent application Ser. No. 10/255,016) that 
performs fast pattern matching With ?exible projection ker 
nels to construct regular-shaped patterns using an accumula 
tion method. A fast invariant searching method Was disclosed 
(Fast Invariant Pattern Search, US. patent application Ser. 
No. 10/302,466). It generates rotation and scale invariant 
pro?les for fast invariant search using the fast regular shaped 
pattern construction method. In addition, a fast pattern 
searching methodWas disclosed (Fast Pattern Searching, US. 
patent application Ser. No. 10/283,380) that performs fast 
scale and aspect ratio invariant search. 

The above prior art approaches are not designed for highly 
precise sub-pixel and sub-sampling matching. They return 
the discrete pixel position that yields the best match and the 
coarse rotation and scale estimate. A surface ?tting approach 
(Gleason, S. S., M. A. Hunt, and W. B. Jatko, “Subpixel 
Measurement of Image Features Based on Paraboloid Sur 
face ?t”, SPEE Vol. 1386. Machine Vision Systems Integra 
tion in Industry, 1990) is attempted for subpixel matching. 
This approach ?ts the surface of the template matching scores 
(such as normalized correlation values) and estimates the 
maximum position from the surface for subpixel matching 
results. The ?tting method suffers from the underlying non 
linear matching functions Whose scores cannot be Well char 
acterized by the ?tting surfaces. This, therefore, could yield 
misleading subpixel (for shift) or subsampling (for rotation 
and/ or scale) matching results. It is reported that the error of 
the template matching score ?tting based method is about 
13% (Frischchlz Robert W. and Spinnler, Klaus P. “Class of 
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2 
algorithms for real-time subpixel registration” Proc. SPIE 
Vol. 1989, p. 50-59, ComputerVision for Industry, Donald W. 
Braggins; Ed). 
A more accurate approach is to perform subpixel and sub 

sampling interpolation in the image domain. Then, template 
matching is performed on the interpolated higher resolution 
image. This could yield more accurate results than perform 
ing interpolation on the matching score surface. Depending 
on the interpolation method, system noise and the number of 
bits per pixel used to quantized the data, it is expected that a 
midrange error of 0.01 to 0.05 pixel could be achieved using 
this method (Frischchlz Robert W. and Spinnler, Klaus P. 
“Class of algorithms for real-time subpixel registration” Proc. 
SPIE Vol. 1989, p. 50-59, Computer Vision for Industry, 
Donald W. Braggins; Ed). HoWever, interpolation on the 
image domain for high precision matching requires large data 
volume and matching computation, Which is too expensive 
for deployment in practical applications. 
A prior art approach (“Golden template comparison for 

rotated and/or scaled images” US. Pat. No. 5,850,466) stores, 
in an array, a varied plurality of golden template images, each 
golden template image being characterized by a different 
combination of rotation and/or scale and/or sub-pixel trans 
lation. The array is indexed by the respective quantized rota 
tion and/or quantized scale and/or sub-pixel translation of 
each version of the golden template image. This approach still 
requires a large number of template storage and computa 
tional cost for matching at high precision. So it is still imprac 
tical. 

OBJECTS AND ADVANTAGES 

This invention provides a fast method for high precision 
matching With the equivalent subpixel and sub sampling inter 
polation in the image or template domain Without actual 
performing the subpixel interpolation and/or subsampling. It 
achieves the high precision through sampling parameter opti 
mization. Therefore, very ?ne sampling precision can be 
accomplished Without the dif?culty of high resolution image/ 
template storage and expensive computation for actual 
matching at high resolution. 

This invention includes a robust high precision matching 
method that alloWs the matching of noisy or imperfect data by 
limiting the contribution from each pixel and/ or Weighting the 
pixels by their signi?cance/reliability, etc. The speed advan 
tage is applicable to the robust matching methods of this 
invention. 

This invention is generalized to include the high precision 
scale and rotation invariant matching through parameter opti 
mization on log-converted radial-angular coordinate. This 
invention can be easily generalized to three-dimensional or 
higher dimensional invariant high precision pattern search 
and can achieve even greater speed advantage comparing to 
the prior art methods. Therefore, it can be used in applications 
such as 3D medical imaging, dynamic medical imaging, con 
focal microscopy, live cell assays in drug discovery, or ultra 
sound imaging. 
A further objective of this invention is to alloW the softWare 

implementation of the fast high precision matching method in 
a general computer platform Without any special hardWare to 
reduce cost and system complexity. 
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SUMMARY OF THE INVENTION 

A fast high precision matching method receives an input 
image and a template. An initial search method uses the input 
image and the template to create an initial search result out 
put. A high precision match uses the initial search result, the 
input image, and the template to create a high precision match 
result output. The high precision match method estimates 
high precision parameters by image interpolation and inter 
polation parameter optimiZation. The high precision match 
method also performs robust matching by limiting pixel con 
tribution or pixel Weighting. An invariant high precision 
match method estimates subpixel position and subsampling 
scale and rotation parameters by image interpolation and 
interpolation parameter optimiZation on the log-converted 
radial-angular transformation domain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred embodiment and other aspects of the inven 
tion Will become apparent from the folloWing detailed 
description of the invention When read in conjunction With the 
accompanying draWings, Which are provided for the purpose 
of describing embodiments of the invention and not for lim 
iting same, in Which: 

FIG. 1 shoWs the processing ?oW for the fast high precision 
matching method; 

FIG. 2 shoWs the processing ?oW for the high precision 
match Within one pixel range; 

FIG. 3 shoWs the processing ?oW for the high precision 
match beyond one pixel range; 

FIG. 4 shoWs a matching function maximiZation method 
that ?nds the best 0t and [3 values; 

FIG. 5 shoWs the processing How of the fast high precision 
projection match; 

FIG. 6 shoWs A matching function maximiZation method 
that ?nds the best 0t, [3, y, and 6 values. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Application Scenarios 
A high precision matching produces highly precise results 

such as subpixel matching positions, high precision angles, 
scales, and/or focus positions. The processing How of a fast 
high precision matching application scenario of this invention 
is shoWn in FIG. 1. 
As shoWn in FIG. 1, the input image 100 and the template 

102 are processed by an initial search 104 step. This results in 
an initial search result 108 output. The initial search 104 
method searches through a large volume of data to identify 
the initial locations, scale, and angles that correspond to the 
match candidates. The initial match is fast but results are often 
not precise. In one embodiment of the invention, a “Fast 
Pattern Searching”, US. patent application Ser. No. 10/283, 
380 and a “Fast Invariant Pattern Search”, US. patent appli 
cation Ser. No. l0/302,466 is used for initial search. Those 
skilled in the art should recogniZe that other methods such as 
standard normaliZed correlation method or geometric pattern 
matching method could be used for initial search. The initial 
search results are re?ned by the high precision match 1 06 step 
to create a high precision match result 110 output having 
subpixel matching positions, high precision angles, scales, 
and/ or focus positions. 

The initial search includes non-invariant and invariant 
searches. Similarly, the high precision match includes non 
invariant and invariant high precision matches. Non-invariant 
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4 
search and match methods search and match template posi 
tion(s) from an input image 100. The invariant search and 
match methods search and match template 102 and input 
image position subject to rotation, scale, and other variations 
such as focus changes, etc. 

II. Non-Invariant High Precision Match 

The non-invariant high precision match method produces 
sub-pixel matching results. In one embodiment of the inven 
tion, the basic formula of the non-invariant high precision 
match is described in the folloWing section. 

III. Matching Function 
The typical matching operation is based on the normaliZed 

correlation method. The normaliZed correlation based match 
ing function betWeen tWo images I and J, Mat(I,J), can be 
described by the folloWing formula: 

Mar(1, J) = 

Where COV(I,J) is the covariance betWeen images I and J and 
is described by the folloWing formula 

and the variance of image I, VAR(I) is described as 

The image region area N is described as 

The variance of image I, VAR(J) can be similarly de?ned. 

II.2. High Precision by Image Interpolation 
The high precision is achieved by image interpolation. In 

one embodiment of the invention, the image interpolation is 
performed by linear interpolation. As an example, We 
describe bilinear interpolation betWeen four pixels in this 
section. 

Let the interpolated image of input image I be KGB. Where 
0t and [3 (0§0t,[3<l) are subpixel values in x and y dimensions. 
In the bilinear interpolation method, the pixel value of the 
interpolated image is described by the folloWing formula: 

Those skilled of art should recogniZe that any linear inter 
polation method such as Weighted linear interpolation could 
be used in the invention for high precision matching. Further 
more, the interpolation could include more than 4 pixels. 
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The covariance of the Kml3 and J can be Written as 

forl,m=0, l. 

The variance of the Kml3 and J can be Written as 

Where 

forq,r=0 and l.And 

X, y m 

From the above formula, the matching function Mat(l,]), can 
be described as a function of the subpixel values 0t and [3. 

The high precision match result around a pixel position 
(x,y) is the subpixel values a and [3 correspond to the maxi 
mum value of the above matching function. When the initial 
search accuracy is Within one pixel precision, the high preci 
sion match can be performed for the optimal subpixel values 
Within each of the initial search result position (x,y). The 
processing How of the high precision match Within one pixel 
range is shoWn in FIG. 2. The input image 100 and the initial 
search result position (x,y) 200 are used along With the tem 
plate 102 for matching function maximization 202. This 
results in the optimal subpixel values 204. 

Those skilled in the art should recognize that multiple 
Within one pixel range high precision matches can be used if 
the initial search result includes multiple candidate positions. 
When the initial search result is not Within one pixel pre 

cision, the high precision match can be performed for the 
optimal subpixel values Within the pixel or the neighboring 
pixel of each of the initial search result position (x,y). The 
subpixel position Whose maximum matching function is the 
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6 
highest among those of the pixel or the neighboring pixel is 
the optimal subpixel position of the high precision matching. 
The processing How of the high precision match beyond one 
pixel range is shoWn in FIG. 3. 
As shoWn in FIG. 3, a neighboring position creation mod 

ule 300 takes the initial search result position (x,y) 200 and 
creates s number of neighboring positions, 302, . . . , 304. In 

one embodiment of the invention, the 3 by 3 adjacent neigh 
bors of (x,y) are selected. That is, s:8. In another embodiment 
of the invention, the pixels immediate above, immediate 
beloW, immediate to the left, and immediate to the right of 
(x,y) are selected. Therefore, s:4. Those skilled in the art 
should recognize that other methods of neighboring position 
generation could be used and they are all Within the scope of 
the current invention. 
The initial search result position (x,y) 200 and its neigh 

boring positions, 302, . . . , 304, are used to perform matching 
function maximization 202 for their respective Within one 
pixel position. The maximum values for each position 306, 
308, . . . , 310, are compared and the global maximum is 

selected by the maximum and position determination module 
312. The optimal subpixel values 204 are the values corre 
spond to the position having the highest matching function 
value among the initial search result position (x,y) 200 and its 
neighboring positions, 302, . . . , 304. 

In another embodiment of the invention, the beyond one 
pixel range high precision matches is performed by using 
more than four pixels for bi-linear interpolation. For example 
16 pixels could be used for interpolation. 
Those skilled in the art should recognize that multiple 

beyond one pixel range high precision matches can be applied 
if the initial search result includes multiple candidate posi 
tions. 

11.3. Matching Function Maximization 
The matching function maximization method ?nds the 

maximum parameters that yield the maximum matching 
function. The matching function maximization can be per 
formed using optimization methods such as the random opti 
mization method, ?rst order, second order, or quadratic ?t 
ting, etc. 

To determine Mat(l,]) as a function of 0t and [3, Mat(0t,[3), 
We reWrite COV(KOLB,J) and VAR(KOLB) as: 

and 
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The necessary condition for maximizing the matching 
function is 

BMATW, ,8) _ BMATW, ,8) _ 
T _ 0 and T _ 0 

Equivalently, 

BMWHB) _ BMWHB) _ 

611 _ a3 _ 

Where M(0t,[3):[MAT(0t,[3)]2. This results in 

From the above formula, for a given [3 (0; [3< 1), the best 0t can 
be determined by the following formula: 

Since 0t is betWeen 0 and 1. So We set (F0 if the above ax 
calculation results in 0t<0. Similarly, We set (F1 if the above 
a calculation results in 0t>1. The formula for determining the 
best [3 value When an a is given, can be calculated using a 
similar method. 

In one embodiment of the invention, the matching function 
maximization method that ?nds the 0t and [3 is performed by 
an iterative procedure as shoWn in FIG. 4. 

As shoWn in FIG. 4, an initial [3 value 400 is selected. The 
value could be randomly selected betWeen 0 and 1 or could be 
a pre-determined value such as 0.5, etc. Using the initial [3 
value, the best a value can be found 402 by the above close 
form solution. The best 0t value is in term used to ?nd the best 
[3 value 404. The best [3 value can then be applied back to the 
best 0t ?nding 402 and then best [3 ?nding 404 processes. This 
process is iterated until the 0t and [3 values are stable (having 
little change per iteration) or an exit condition such as the 
maximum number of iterations is reached. The resulting 0t 
and [3 values are the best 0t and [3 values 406. 

Those skilled in the art should recogniZe that other meth 
ods of optimiZation could be applied to determine the optimal 
subpixel values. 
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8 
II.4. Fast High Precision Match 
The matching function, Mat(I,J), described in section III 

matches tWo images I and I. If We assume that I is the input 
image and J is the template, then We need to calculate the 
variance parameters B1, B2, B3, B4, B5, B6, B7, B8, and B9 for 
each candidate regions of the input image since the interpo 
lation is performed on the input image. This could be time 
consuming if there are many candidate regions for matching. 
A fast high precision matching can be achieved by interpo 
lating on the template. In this case, the matching function can 
be described as: 

COV(I, Imp) 
Mar(1, Imp) = 

Wherein the variance parameters B1, B2, B3, B4, B5, B6, B7, 
B8, and B9 of the variance VAR[ItmP((x,[3)] can be pre-calcu 
lated for the ?xed template. Therefore, only the covariance 
parameters A1, A2, A3, and A4 of the covariance term COV[I, 
Itmp(0t,[3)] has to be calculated during the high precision 
matching process for each input region. 

II.5. Fast High Precision Projection Match 
Image projection is often performed in fast template search 

to reduce the search dimensions. A fast regular shaped pattern 
search method Was disclosed (Fast Regular Shaped Pattern 
Searching, US. patent application Ser. No. 10/255,016) that 
performs fast pattern matching With ?exible projection ker 
nels to construct regular-shaped patterns using an accumula 
tion method. The high precision match method of this inven 
tion could be applied to projected images. 
The image projection pro?le P of an image I can be 

described as the summation over a given geometric region R. 

We interpolate image pixel values by bilinear combination 
as folloWs: 

Then the projection pro?le values of the interpolate image 
pixel values are the bilinear combination of the non-interpo 
lated projection values. That is, image interpolation ?rst then 
projection is equal to image projection ?rst and then interpo 
late on the projection pro?les. 

Based on this property, the above disclosed matching func 
tion optimiZation method could be similarly applied to 
achieve fast high precision match on projected image. The 
processing How of the fast high precision projection match is 
shoWn in FIG. 5. 
As shoWn in FIG. 5, the input projection pro?le 500 and the 

template pro?le 502 are subject to high precision projection 
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match 504. The high precision projection match 504 can be 
performed by either interpolating the input project pro?le 500 
or interpolating the template pro?le 502. The high precision 
match 504 process optimiZes the interpolation parameters by 
maximizing the projection domain matching function using 
the same or similar methods as described above. The resulting 
optimal interpolation parameters are the high precision pro 
jection match result 506. 

II.6. Robust Matching 
In many practical applications the input image could be 

degraded due to noise, artifact, distortion, missing features, 
etc. To achieve high precision matching results, robust match 
ing scheme may be required. TWo high precision robust 
matching methods are provided in this invention: limiting 
pixel contribution and pixel Weighting. The speed advantage 
is applicable to the high precision robust matching methods of 
this invention. 

In one embodiment of the invention, the limiting pixel 
contribution method limits the contribution of each pixel to 
the covariance value calculation by the folloWing rule: 

Where Cmax is the maximum alloWable cross product value 
for a pixel. 

Based on the neW covariance calculation formula, the 
matching function, Mat(I,J), is updated and the same proce 
dure for high precision parameter estimation applies. There 
fore, the speed advantage is preserved. 

In another embodiment of the invention, the robust match 
ing is accomplished by Weighing pixels With their signi? 
cance/reliability. Pixels With noise, distortion, etc. are given 
loWer Weights for matching. 

In this case, the variance and covariance can be calculated 
by the folloWing rule: 

Where the total Weight 

WT = Z W[x][y] 
X y 

Based on the neW variance and covariance calculation for 

mula, the matching function, Mat(I,J), is updated and the 
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10 
same procedure for high precision parameter estimation 
applies. Therefore, the speed advantage is maintained. 

In yet another embodiment of the invention, the limiting 
pixel contribution and the pixel Weighting methods can be 
combined. The combined covariance calculation formula is 
as follows: 

The combined covariance can be used for fast high preci 
sion match. 

III. Invariant High Precision Match 
The invariant high precision match method handles scale 

and rotation invariant matching and produces sub-pixel posi 
tion and high precision rotation angle and scale values as 
matching results. In one embodiment of the invention, the 
basic formula for the high precision scale and rotation invari 
ant match is described in the folloWing section. 

III. 1. Matching Function With Scale and Rotation Invariance 
In addition to the sub -pixel matching, the scale and rotation 

invariant matching requires sub-sampling on scale and rota 
tion adjustment. The scale and rotation sampling is nonlinear 
in regular pixel coordinate. The prior art approach performs 
nonlinear re-sampling to achieve scale and rotation invari 
ance, Which is time consuming and error prone. 

Therefore, We perform radial-angular coordinate transfor 
mation ?rst. The rotation angle is linear in the radial-angular 
coordinate. HoWever, the scale factor is still nonlinear in the 
radial-angular coordinate. This invention performs log-con 
ver‘ted radial-angular transformation that is linear in both 
scale and rotation sampling. 

III.2. Log-Converted Radial-Angular Transformation 
The log-converted radial-angular coordinate transforma 

tion takes advantage of the relationship log(6r):log 6+log r to 
the radial-angular coordinate transformed domain. There 
fore, the effect of the scale factor is an offset in the log 
converted radial-angular coordinate system. 

Considering the radial-angular (r, 6) coordinate system, 
Where r denotes radial distance from the center (xc, yc) and 6 
denotes angle. Any (x,y) point can be represented in radial 
angular coordinates (r, 6): 

@) 

Let p:log r, the coordinate transformation betWeen the 
Cartesian coordinate system and the log-converted radial 
angular coordinate system is described by the folloWing for 
mula: 

The area element is 
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Let the image IP be the Weighted transform image of the 
log-converted radial-angular coordinate as follows: 

In the transformed domain, the matching function for 
images 11', (I) can be de?ned as 

COVOP, (1)) 
MatOl', (1)) = i 

\/ VAR(\P)VAR(<I>) 

Where 

Where 

This matching function bears the same form as the shift 
invariant matching function. Therefore, the bilinear interpo 
lation or other linear interpolation methods can be used for 
invariant high precision match. 

111.3. Sub-Pixel and Sub-Sampling Shift, Rotation and Scale 
1nvariant Matching 

In this invention, sub-pixel and sub-sampling image inter 
polation are used for high precision shift, rotation and scale 
invariant matching. 1n the folloWing We describe the method 
in tWo dimensional case. Those skilled in the art should rec 
ogniZe that this method is also applicable to higher dimen 
sional case by adding more interpolation parameters for opti 
miZation. 

1n the tWo dimensional case, the shift, rotation and scale 
invariant matching is accomplished by interpolation using 
four parameters. TWo of the parameters, 0t and [3, are interpo 
lation parameters for position shift (translation). The other 
tWo parameters, y and 6, are interpolation parameters for ?ne 
rotation and scale values. The quad-linear interpolated 
images in log-converted radial-angular coordinate system is 
represented as 
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-continued 
(W11 [011B] + 70- (W11 [0 + 1][B] + 6(1 — 7M1 [011B + 

Where IPoem] [p] is the Weighted log-converted radial-angu 
lar coordinate transformed image of (x0, yo). lP1O[6][p] is the 
Weighted log-converted radial-angular coordinate trans 
formed image of (xo+l, yo). l1'O1[6][p] is the Weighted log 
converted radial-angular coordinate transformed image of 
(X0, yO+l), and lP1l[6][p] is the Weighted log-converted 
radial-angular coordinate transformed image of (xo+l, yO+l). 
Rewriting the above equation as 

16 

‘PWHBl = Z f/AII. ,3. 7. (SM/(1011M 

16 

and the variance of IP is 

16 

l6 

22 m. B. 7. (mm. B. 7. meow/v. Am) 

The matching score betWeen 1P, (I) as a function of the high 
precision interpolation parameters is 

MBIOP. <I>; 11. ,3. 7. 5) = 
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The best subpixel and subsampling matching can be deter 
mined by ?nding parameters ot, [3, y, 6 and a that correspond 
to the maximum value of the Mat\P((I>;0t,[3,y,6). The param 
eters are the invariant high precision match result. This is an 
optimiZation problem similar to the above non-invariant high 
precision match. Many optimiZation methods can be used for 
determining the four parameters. Typical methods include 
random optimiZation (RO), bi-directional RO (BRO), 
improved BRO (IBRO), gradient method, alternative gradient 
method, and golden section method, etc. 

In one embodiment of the invention, the method to ?nd 0t, 
[3, y, and 6 is described as folloWs. 

Rewriting the COV(1P,(I>) and VARCP) as 

c0I/(W,<1>):Z)T? 
and 

VAR (warm? 

Given [3, y, and 6, the value a for the optimum matching 
function is 

Similarly, for given 0t, 7 and 6, the value [3 for the optimum 
matching function is 

For given 0t, [3, and y, the value 6 for the optimum matching 
function is 

For given 0t, [3, and y, the value 6 for the optimum matching 
function is 
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In one embodiment of the invention, the matching function 
maximization method that ?nds 0t, [3, y, and 6 is performed by 
an iterative procedure as shoWn in FIG. 6. 

As shoWn in FIG. 6, the 0t, [3, y, and 6 values are initialized 
600 to initial values. The values could be randomly selected 
betWeen the valid ranges or could be set to the middle of 
ranges or to expected values from initial search, etc. Using the 

a a 

initial parameters values, f a and g a are calculated 602. 
This alloWs the calculation of the best a value given the ot, y, 
and 6 values 604. The best 0t value is used along With the 

initial y and 6 values to calculate the T13 and EB values 606. 
This alloWs the calculation of the best [3 value given 0t, y, and 
6 values 608. This process continues to calculate the best y 
and 6 values, 616, 614, 612, 610. The calculated 0t, [3, y, and 
6 values 620 are used to repeat the estimation calculation. 
This process is iterated until the 0t, [3, y, and 6 values are stable 
(having little change per iteration) or an exit condition such as 
the maximum number of iterations is reached. The resulting 
0t, [3, y, and a values are the optimal subpixel and subsampling 
values. 

Those skilled in the art should recognize that other meth 
ods of optimization could be applied to determine the optimal 
subpixel and subsampling values. 
When III is the template image and the (1) is the input image, 

the terms in VAROP) can be pre-calculated from the template. 
Only the terms of COV(1P,(1>) have to be calculated for each 
input image regions of interest. This Will speed up the invari 
ant high precision match process. 

111.3. Robust Matching 
The robust matching method described in section 11.6 for 

non-invariant high precision match can be similarly applied 
for invariant high precision match. The robust matching 
methods include limiting pixel contribution and pixel Weight 
ing. 

The invention has been described herein in considerable 
detail in order to comply With the Patent Statutes and to 
provide those skilled in the art With the information needed to 
apply the novel principles and to construct and use such 
specialized components as are required. HoWever, it is to be 
understood that the inventions can be carried out by speci? 
cally different equipment and devices, and that various modi 
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16 
?cations, both as to the equipment details and operating pro 
cedures, can be accomplished Without departing from the 
scope of the invention itself. 
What is claimed is: 
1. A fast high precision matching method comprising the 

steps of: 
a) 1nput an image; 
b) 1nput a template; 
c) Perform initial search using the input image and the 

template based on a matching function to create an ini 
tial search result output containing only matching func 
tion values at discrete (x,y) positions; 

d) Create high precision matching function by interpolat 
ing the matching function values of discrete (x,y) posi 
tions making them matching function values of subpixel 
positions or of invariant high precision parameters; 

e) Perform high precision match by high precision match 
ing function maximization directly using the matching 
function values at discrete (x,y) positions from the step 
(c), the input image, and the same template from step (b) 
to create a high precision match result output Without 
image matching Wherein the high precision match result 
output around a pixel position (x,y) is the subpixel val 
ues 0t and [3 and other parameters correspond to the 
maximum value of the high precision matching func 
tion. 

2. The method of claim 1 Wherein the matching function 
maximization for the subpixel values or invariant high preci 
sion parameters is performed using optimization methods. 

3. A fast high precision matching method comprising the 
steps of: 

a) 1nput an image; 
b) 1nput a template containing pre-calculated template 

variance parameters; 
c) Perform initial search using the input image and the 

template based on a matching function to create an ini 
tial search result output containing only matching func 
tion values at discrete (x,y) position; 

d) Create high precision matching function by interpolat 
ing the matching function values of discrete (x,y) posi 
tions making them matching function values of subpixel 
positions of invariant high precision parameters; 

e) Perform high precision match by high precision match 
ing function maximization directly using the matching 
function values at discrete (x,y) positions from step (c), 
the input image, and the same template from step (b) to 
create a high precision match result output Without 
image matching Wherein the high precision match result 
output around a pixel position (x,y) is the subpixel val 
ues 0t and [3 and other parameters correspond to the 
maximum value of the high precision matching func 
tion. 

4. A fast high precision projection matching method com 
prising the steps of: 

a) 1nput a projection pro?le; 
b) 1nput a template pro?le; 
c) Create high precision matching function by interpolat 

ing matching function values at discrete (x,y) positions 
and samples parameters making them matching func 
tion values of subpixel positions or of subsampling 
parameters; 

d) Perform high precision match by high precision match 
ing function maximization using the projection pro?le, 
the same template pro?le from step (b) to create a high 
precision projection match result output Perform high 
precision match by high precision matching function 
maximization directly using the matching function val 
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ues at discrete (x,y) positions from step (c), the input 
image, and the same template from step (b) to create a 
high precision match result output Without image match 
ing Wherein the high precision match result output 
around a pixel position (x,y) is the subpixel values 0t and 
[3 and other parameters correspond to the maximum 
value of the high precision matching function. 

5. A fast invariant high precision matching method com 
prising the steps of: 

a) Input an image; 
b) Input a template; 
c) Perform initial search using the input image and the 

template based on a matching function to create an ini 
tial search result output containing only matching func 
tion values at discrete (x,y) position; 

d) Create high precision matching function by interpolat 
ing the matching function values of discrete (x,y) posi 

18 
tions making them matching function values of subpixel 
positions or of invariant high precision parameters; 

e) Perform invariant high precision match by high preci 
sion matching function maximization directly using the 
matching function values at discrete (x,y) positions from 
step (c), the input image, and the same template from 
step (b) to create an invariant high precision match result 
output Without image matching Wherein the high preci 
sion match result output around a pixel position (x,y) is 
the subpixel values 0t and [3 and other parameters corre 
spond to the maximum value of the high precision 
matching function. 

6. The method of claim 5 Wherein interpolating the match 
ing function includes log-converted radial-angular transfor 

15 mation and linear interpolation. 

* * * * * 


